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[There are no amendments to this patent.] 
Claims 

1 . Water absorbents, prepared by mixing 1 00 parts by weight of carboxyl 
group-containing water-absorbing resin powders with 0.001-10 parts by weight of at least one 
crosslinking agent selected from the group consisting of polyglycidyl ethers, polyaziridines, 
polyamines, and polyisocyanates, and if necessary heat treatment is carried out, thereby the 
water-absorbing resin powders and the crosslinking agents are reacted for crosslinking the 
molecular chains which are at least in the vicinity of the surface of the water-absorbing resin 
powders. 

2. In the. water absorbents described in Claim 1, the carboxyl group-containing 
water-absorbing resins are polymers of acrylic acid alkali metal salts produced by polymerization 
of aqueous solutions containing at least 20 wt% of 100 parts by weight of acrylic acid salt 
monomer composed of 1-50 mol% acrylic acid and 50-99 mol% acrylic acid alkali metal salt and 
0-5 parts by weight crosslinkable monomer for forming gel-like hydrated polymers, followed by 
drying by heating. 

3. In the water absorbents described in Claim 1, the water-absorbing resin powder 
contains at least 70 wt% of the powder which can pass through a 60-mesh sieve. 

Detailed explanation of the invention 

The present invention pertains to water absorbents. More precisely it pertains to water 
absorbents which can absorb a large amount of aqueous substances when in contact with said 
aqueous substances and they have a large water retentivity even under pressurization. 

Using a water-absorbing resin as a constituent material for sanitary napkins, paper 
diapers, or other sanitary materials for absorbing body liquids has been attempted. 

Known examples of such water-absorbing resins include starch-acrylonitrile graft 
copolymer hydrolysate, neutralization product of starch-acrylonitrile graft copolymer, vinyl 
acetate-acrylic acid ester copolymer saponification product, hydrolysate of acrylonitrile 
copolymer or acrylamide copolymer, or crosslinked products thereof, self-crosslinked 
polyacrylic acid sodium salt produced by reverse-phase suspension polymerization, crosslinked 
partly neutralized polyacrylic acid, etc. 

However, compared with cotton-like pulp and paper, the water absorption rate of these 
conventional water-absorbing resins is slow, which is a severe drawback. Therefore, for 
example, when paper diapers and conventional water-absorbing resins were combined and used, 
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for a while after urination, because the absorptivity of the paper diaper is small and the urine 
contacts the skin making the skin feel uncomfortable, it takes a long time to produce a dry 
feeling. Therefore various trials were carried out to increase the absorption rate. 

For example, to increase the surface area, the particle size of the water-absorbing resins 
was reduced; the particles of the water-absorbing resins were made into granular or scaly shapes. 
However, generally speaking, when the particle size of the water-absorbing resins is reduced, 
when the resins particles contact urine, the resin particles become lumpy, so the water absorption 
rate becomes slow. When the water-absorbing resins are molded into granules, the- granules 
themselves become undissolved lumps so that absorption rate becomes slow. When the water- 
absorbing resins are made into a scaly shape, the absorption rate can be improved considerably 
but it is still insufficient, and moreover there is a limitation to the process of producing a scaly 
shape, so the equilibrium water-absorptivity is small, which is a drawback. Furthermore, when 
the water-absorbing resins are made into a scaly shape, the bulkiness of the water-absorbing 
resins increases, so large equipment is necessary for their transportation and storage; thus, it is 
not economical. 

The present inventors carried out an extensive study to solve the above-mentioned 
problems of conventional water-absorbing resins, and as a result it was found that the water 
absorbents obtained by mixing water-absorbing resin powders with at least one crosslinking 
agent selected from the group consisting of poyglycidyl ethers, polyaziridines, polyamines, and 
polyisocyanates, and if necessary, carrying out heat treatment, could solve the problems of 
conventional water-absorbing resins, thereby they completed the present invention. 

Thus, the object of the present invention is to provide water absorbents with high 
absorption rates and large equilibrium water absorption amounts. 

Namely, the water absorbents of the present invention can be prepared by mixing 
100 parts by weight of carboxyl group-containing water-absorbing resin powders with 0.001-10 
parts by weight of at least one crosslinking agent selected from the group consisting of 
polyglycidyl ethers, polyaziridines, polyamines, and polyisocyanates, and if necessary carrying 
out heat treatment, thereby the water-absorbing resin powders react with the crosslinking agents 
for crosslinking the molecular chains which are at least in the vicinity of the surface of the 
water-absorbing resin powders. 

It is necessary that the water-absorbing resins used in the present invention contain 
carboxyl groups. Examples of such water-absorbing resins which can be used include 
starch-acrylonitrile graft copolymer hydrolysate, partly neutralized starch-acrylonitrile graft 
copolymer, saponified vinyl acetate-acrylic acid ester copolymer, hydrolysate of acrylonitrile 
copolymer or acrylamide copolymer, or crosslinked products thereof, partly neutralized 
poly acrylic acid, at least one crosslinked partly neutralized poly aery lie acid, etc., and it is 
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preferable to have crosslinked structures; however, those having no crosslinked structures also 
can be used. 

Among such water-absorbing resins, examples of those which are preferable to be used in 
the present invention include ®-® below. 

® : Acrylic acid alkali metal salt polymers produced by polymerization of aqueous 
solutions containing at least 20 wt% of 100 parts by weight acrylic acid salt monomer composed 
of 1-50 mol% acrylic acid and 50-99 mol% acrylic acid alkali metal salt and 0-5 parts by weight 
crosslinkable monomer for forming gel-like hydrated polymers, followed by drying by heating. 

©: Water-absorbing resins, produced by suspension polymerization of aqueous acrylic 
acid and/or acrylic acid alkali metal salt solutions containing water-soluble radical 
polymerization initiators and, if necessary, crosslinkable monomers in the presence of HLB 3-12 
surfactants in alicyclic and/or aliphatic hydrocarbon solvents. 

®: Saponified copolymers of vinyl esters and ethylenically unsaturated carboxylic acids 
or their derivatives. 

©: Water-absorbing resins, produced by polymerization of starch and/or cellulose, 
carboxyl group-containing monomers or monomers which can produce carboxyl groups by 
hydrolysis, and when necessary, crosslinkable monomers in aqueous media, followed by 
hydrolysis when it is necessary. 

®: Water-absorbing resins, produced by reacting alkaline substances with maleic 
anhydride copolymers composed of maleic anhydride and at least one monomer selected from 
the group consisting of cc-olefin and vinyl compounds, and the thus produced reaction products 
are reacted with polyepoxy compounds if necessary. 

There is no limitation to the amount of carboxyl groups contained in the water-absorbing 
resins; however, it is preferable that there be at least 0.01 Eq of carboxyl groups based on 100 g 
water-absorbing resin. As an example, for partly neutralized polyacrylic acid, the proportion of . 
the non-neutralized part is preferably 1-50 mol%. 

The forms of water-absorbing resin powders used in the present invention include the 
spherical form of the water-absorbing resins obtained from reverse-phase suspension 
polymerization, scaly water-absorbing resins obtained from drum drying, and amorphous form 
obtained by pulverizing the water-absorbing resin lumps. From the point of view of absorption 
rate, the size of the particles of the water-absorbing resin powders is preferably small, and it is 
preferable that at least 70 wt% of water-absorbing resin powders pass through a 60-mesh sieve. 
If the amount of water-absorbing resin powders which pass through a 60-mesh sieve is less than 
70 wt%, there tends to be a smaller absorption rate. The crosslinking agents used in the present 
invention contain at least two functional groups (based on one molecule) which can react with 
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carboxyl groups, and at least one compound selected from the group consisting of polyglycidyl 
ethers, polyaziridines, polyamines, and polyisocyanates can be used. 

Examples of polyglycidyl ethers include ethylene glycol diglycidyl ether, glycerol 
diglycidyl ether, etc. 

Examples of polyaziridines include "Chemitite PZ-33" (2,2-bis(hydroxymethyl)butanol 
tris[3-(l-aziridinyl)propionate), "Chemitite HZ-22" (1,6-hexamethylenediethyleneurea), and 
"Chemitite DZ-22" (diphenylmethanebis(4,4 , -N,N' -diethyleneurea) (all of the above are 
products of Nippon Shokubai Kagaku Kogyo Co., Ltd.). Examples of polyamines include 
ethylenediamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, 
pentaethylenehexamine, polyethyleneimine, etc. Examples of polyisocyanates include 
2,4-tolylene diisocyanate, hexamethylene diisocyanate, etc. 

At least two types of these compounds may be used. The amount of crosslinking agent to 
be used in the present invention depends on the types of water absorbents, however, it is 0.001- 
10 parts by weight based on 100 parts by weight of the water-absorbing resins. When it is greater 
than 10 parts by weight, the crosslinking density is too high and the water absorption ratio 
becomes small. On the contrary, if it is less than 0.001 part by weight, the effect of adding a 
crosslinking agent cannot be obtained. 

In the present invention, the mixing of water-absorbing resin powder and a crosslinking 
agent can be carried out using a conventional mixer such as a V-type mixer, a ribbon-type mixer, 
a screw-type mixer, a rotary disk-type mixer, a gas stream-type mixer, etc. 

As in the case of using aziridine compounds as crosslinking agents, the reaction of a 
crosslinking agent with the carboxyl group of the water-absorbing resin powder can occur even 
at room temperature; however for promoting the reaction, usually it is preferable to carry out 
heat treatment. The temperature of the heat treatment depends on the crosslinking agents; 
however, when the material used is polyglycidyl ether, the temperature is usually 50-300°C, 
preferably 90-250°C; when the material is a polyaziridine, the temperature is usually 10-300°C, 
preferably 20-250°C; when the material is a polyamine, the temperature is usually 90-300°C, 
preferably 120-250°C; and when the material is a polyisocyanate, the temperature is usually 
10 300°C, preferably 20-250°C. 

For the heat treatment of a mixture of water-absorbing resin powder and a crosslinking 
agent, a conventional dryer and a heating furnace can be used. For example, an agitated trough 
dryer, a rotary dryer, a disk dryer, a kneading dryer, a fluidized-bed dryer, a gas-stream dryer, an 
infrared dryer, etc., can be used. 

At the time of mixing and heat treating, if the mixer can be heated, then the mixer can be 
used for simultaneous mixing and heating. If the heat treatment machine can be stirred, then the 
heat treatment machine can be used for simultaneous mixing and heating. 
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The thus prepared water absorbents of the present invention have superior properties than 
conventional water-absorbing resins. Namely, the water absorbents of the present invention can 
be prepared by mixing and reacting water-absorbing resins with crosslinking agents, which is a 
simple industrial process. Compared with conventional water-absorbing resins, they are less apt 
to form lumps of the resins and they have a large absorption rate. Moreover, cakes of moisture- 
absorbed powders did not form easily, which was an unexpected advantage. 

The water absorbents of the present invention can be used for coagulation of sludges, 
prevention of dew condensation on building materials, water-retaining agents for agriculture and 
horticulture, or drying agents in addition to water absorbents in such products as paper diapers, 
sanitary napkins, etc. 

In the following, application examples will be used to explain the present invention in 
more detail; however, the present invention is not limited to these application examples, "%" 
means "wt%" and parts means "parts by weight" unless otherwise specified. 

Application Example 1 

A gel-like hydrated polymer was prepared by stationary polymerization of 4000 parts of 
43% aqueous acrylic acid salt monomer solution comprising 74.95 mol% sodium acrylate, 
25 mol% acrylic acid and 0.05 mol% trimethylolpropane triacrylate in the presence of 0.6 part 
ammonium persulfate, and 0.2 part sodium hydrogen sulfite in a nitrogen gas stream at 55-80°C. 
After the gel-like hydrated polymer was dried in a hot air dryer at 1 80°C, it was pulverized by a 
vibration-type pulverizer, and the powder (powder (A)) which passed through a 60-mesh sieve 
was collected. 

After 0.5 part ethylene glycol diglycidyl ether was mixed with 100 parts powder (A) 
using a ribbon mixer, the temperature of the heating medium in the jacket of the ribbon mixer 
was raised to 1 80°C to carry out heat treatment for 30 min. The temperature of the material when 
the heat treatment was finished was 1 7 1 °C. 

0.2 g of the thus prepared water absorbent (1) was put uniformly in a tea bag-like 
nonwoven bag (40 mm x 150 mm); then, the bag was immersed in a 0.9% aqueous sodium 
chloride solution, and the weight after a 30-sec immersion and after 10-min immersion was 
measured. The weight of the bag only (containing nothing) after the immersion was the blank 
weight; then, the water absorption ratio of the water absorbent was calculated using the 
following formula. 

Absorption ratio = (weight after absorption (g) - blank weight (g))/weight of the 
powder (g) 
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Whether or not lumps of the water absorbent were formed was determined by the state of 
the water absorbent when a small amount of the water absorbent was dropped on a sieve of 
water-wetted paper. 

The results are shown in Table 1 . We can see that compared with powder (A), the water 
absorbent (1) did not form lumps easily and moreover, the absorption rate was improved 
remarkably. 

Application Example 2 

1 00 parts of the powder (A) prepared in Application Example 1 were mixed with 1 part 
triethylenetetramine using a knead. Then the mixture was fed and discharged continuously to a 
paddle dryer (Nara Kikai Seisakusho) for carrying out heat treatment. At this point, the paddle 
dryer was heated with 17 kg/cm 2 steam and the average residence time was 20 min. The 
temperature of the material at the discharge port was 190°C. 

The thus prepared water absorbents (2) were evaluated as in Application Example 1 . The 
results are shown in Table 1 . 

Application Example 3 

100 parts of the powder (A) prepared in Application Example 1 were mixed with 0.5 part 
"Chemitite PZ-33" (Nippon Shokubai Kagaku Kogyo Co., Ltd., 2,2,-bis(hydroxymethyl)butanol 
tris(3-(l-aziridinyl)propionate) using a ribbon mixer, and then they reacted while standing at 
room temperature (20-30°C) for 3 days to give a water absorbent (3). 

The thus prepared water absorbent (3) was evaluated as in Application Example 1 . The 
results are shown in Table 1 . 

Application Example 4 

100 parts of the powder (A) prepared in Application Example 1 were mixed with 1 part 
of 2,4-tolylene diisocyanate using a Nauta mixer, and then the mixture was heat-treated with a 
disk-type dryer. The temperature of the material at the time of discharge was 100°C. 

The thus prepared water absorbent (4) was evaluated as in Application Example 1 . The 
results are shown in Table 1 . ■ 

Application Example 5 

50 parts cornstarch, 200 parts water, and 1000 parts methanol were fed into a reactor 
equipped with a stirrer, a nitrogen gas inlet tube, and a thermometer. Then the mixture in the 
reactor was stirred at 50°C for one hour under a nitrogen gas stream and it was cooled to 30°C 
Then, 25 parts acrylic acid, 75 parts sodium acrylate, 0.5 part methylenebis acrylarnide, OA part 
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ammonium persulfate as a polymerization catalyst, and 0.1 part sodium hydrogen sulfite as a 
promoter were added and were reacted at 60°C for 4 h to give a white suspension. 

The powder which was obtained by filtering the white suspension was washed with a 
water-methanol mixture (weight ratio of water to methanol was 2:10); then it was dried under 
reduced pressure at 60°C for 3 h, pulverized, and then it was screened with a 60-mesh sieve to 
obtain particles which passed through the 60-mesh sieve to give powder B. Then 1 part ethylene 
glycol diglycidyl ether was added to 100 parts of the powder (B) and mixed with a rotary disk- 
type mixer. The thus obtained mixture was heat-treated with hot air at 1 70°C for 1 0 minutes in a 
fluidized-bed dryer to give a water absorbent (5). The temperature of the material when the 
material was removed was 165°C. The thus prepared water absorbent (5) was evaluated as in 
Application Example 1 . The results are shown in Table 1 . 

Application Example 6 

0.5 part benzoyl peroxide as a polymerization initiator was added to a mixture of 60 parts 
vinyl acetate and 40 parts methyl aery late, then the resulting mixture was dispersed in 300 parts 
water containing 3 parts of partly saponified polyvinyl alcohol and 10 parts sodium chloride, and 
after suspension polymerization at 65°C for 6 h, it was filtered and dried to produce a copolymer. 
The thus obtained copolymer was saponified, washed, and dried, and then it was pulverized. 
Then it was classified and particles which passed through a 60-mesh sieve were collected to give 
powder (C). 

One part of triethylenetetramine was added to 100 parts of the powder (C); then, the 
resulting mixture was put in a ribbon mixer which was heated to 230°C by the heat medium in 
the jacket, and by mixing for 15 min, thereby mixing and heat treatment were carried out to give 
a water absorbent (6). The temperature of the material when it was removed from the ribbon 
mixer was 1 85°C. The thus prepared water absorbent (6) was evaluated as in Application 
Example 1 . The results are shown in Table 1 . 

Application Example 7 

300 parts n-hexane were put in a reactor, then 0.7 part sorbitan monostearate was 
dissolved in it. Then an aqueous monomer solution prepared by dissolving 30 parts acrylic acid 
in 40 parts water followed by neutralizing with 12.5 parts sodium hydroxide and then dissolving 
0.05 parts potassium persulfate was added to the n-hexane solution and dispersed and 
polymerized at 65°C for 5 h under a nitrogen gas stream. After the finish of the polymerization, 
it [the mixture] was dried under reduced pressure to give a powder (D). 

Then 1 part glycerol diglycidyl ether was added to 100 parts of the powder (D) and a V- 
type mixer was used for mixing. The thus obtained mixture was lightly mounted on a conveyer 
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belt and passed through a infrared dryer to carry out heat treatment to give a water absorbent (7). 
The average heating time was 4 min and the temperature of the material at the discharge port was 



The thus prepared water absorbent (7) was evaluated as in Application Example 1 . The 
results are shown in Table 1 . 

Application Example 8 

154 parts isobutylene-maleic anhydride copolymer, 64 parts sodium hydroxide, and 398 
parts water were mixed, followed by stirring at 90°C for 2 h to prepare a homogeneous aqueous 
solution. Then 2.5 parts glycerol diglycidyl ether were added to the aqueous solution and after 
mixing thoroughly, the mixture was flowed into a vat, and a crosslinking reaction was carried out 
in a hot air dryer at 1 10°C. After drying, it was pulverized and classified, and particles which 
passed through a 60-mesh sieve were collected (powder E). 

0.5 part Chemitite PZ-33 were mixed with 100 parts of the powder (E) by a ribbon mixer; 
then, the mixture was spread on a stainless steel dish until it was 5 mm thick; then, it was 
allowed to stand in a constant-temperature chamber at 50°C for one day to produce a water 
absorbent (8). 

The thus prepared water absorbent (8) was evaluated as in Application Example 1 . The 
results are shown in Table 1 . 
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Whether or not lumps were formed (Note) 
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Powder (C) 
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Powder (D) 
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Powder (E) 
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Notes: ©: No lumps were formed 




X: Lumps were formed. 



From the results shown in Table 1 , it is clear that the water absorbents of the present 
invention do not form lumps and moreover they have a high absorption rate. 
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